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1  | INTRODUC TION

Myocardial fibrosis is characterized by the metabolic imbalance 
of collagen synthesis and metabolism, which leads to pathologi-
cal change of myocardial remodelling, and mostly seen in various 
cardiovascular diseases.1 Myocardial fibrosis is categorized into 
reactive fibrosis and reparative fibrosis.2 Reactive fibrosis occurs 
in the myocardial hypertrophy caused by excessive heart pressure 
without myocardial cell loss, whereas reparative fibrosis occurs in 
acute myocardial ischaemia and dilated cardiomyopathy. Both can 
affect the myocardial collagen content and promote myocardial 

diastolic and/or contractile dysfunction. Reparative myocardial 
fibrosis is the pathological basis for the development of myocar-
ditis and post-inflammatory dilated cardiomyopathy to refractory 
heart failure, promoting the deterioration of the diseased heart 
function in dilated myocardium.3 Therefore, reversing myocardial 
remodelling might add value to the treatment of dilated cardio-
myopathy.4 Dilated cardiomyopathy is complex heterogeneous 
cardiomyopathy characterized by ventricular enlargement and 
reduced myocardial contractile function, with a 5-year mortality 
rate of 15%-50%.5 Among all the factors such as infection, auto-
immunity, cellular immunity and genetics, autoimmune reactions 
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Abstract
QiShenYiQi pill (QSYQ), a traditional Chinese medicine, is well known for improving 
the myocardial remodelling, but the dose-effect relationship of its intervention in 
the reparative myocardial fibrosis is still unclear. We investigated the effect of QSYQ 
on the reparative myocardial fibrosis in cardiac myosin-induced rats and explored 
its mechanism of action by regulating autophagy. The results indicated that QSYQ 
increased LVEF and LVFS, and decreased the LVEDD, LVESD, HMI, LVMI, myocar-
dial inflammation histology score, and collagen volume fraction in a dose-dependent 
manner. In addition, QSYQ declined the number of autophagosomes, down-regulated 
the expression of myocardial Beclin-1 and LC3B, up-regulated the expression of 
myocardial p62 and increased the ratios of myocardial p-PI3K/PI3K, p-Akt/Akt and 
p-mTOR/mTOR. We provided evidence for that QSYQ could inhibit excessive myo-
cardial autophagy by regulating the PI3K/Akt-mTOR pathway and can be a potential 
therapeutic approach in treating the cardiovascular diseases such as myocarditis and 
dilated cardiomyopathy.
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mostly induce the myocarditis and dilated cardiomyopathy.6 
Accumulating evidence has demonstrated that Lewis rats induced 
by cardiac myosin can develop autoimmune myocarditis, which is 
gradually progressed into dilated cardiomyopathy.7,8

QiShenYiQi pill (QSYQ) is a traditional Chinese medicine com-
posed of Radix Astragali, Radix Salviae Miltiorrhizae, Radix Notoginseng 
and Lignum Dalbergiae Odoriferae. QSYQ is approved by the China 
State Food and Drug Administration in 2003 for the treatment of 
cardiovascular disease. Many studies have reported that QSYQ 
can alleviate myocardial ischaemia/reperfusion (I/R) injury,9,10 in-
hibit myocardial fibrosis caused by pressure overload11-13 and delay 
ventricular remodelling caused by ligation of anterior descending 
coronary artery.14-16 Moreover, QSYQ can improve myocardial in-
jury induced by doxorubicin,17,18 regulate myocardial collagen me-
tabolism in experimental autoimmune myocarditis19,20 and prevent 
high glucose-induced H9c2 myocardial cell damage.21 In the current 
study, we investigated the effect of QSYQ on the reparative myo-
cardial fibrosis in the cardiac myosin-induced rats and explored its 
mechanism of action by regulating autophagy.

2  | METHODS AND MATERIAL S

2.1 | Animals

Male Lewis rats, SPF grade, weighing 220-250 g, were purchased 
from Beijing Vital River Laboratory Animal Technology Co., Ltd. 
(Beijing, China; certificate No. SCXK(Jing)2016-0011). Animals 
were kept under standard conditions with a mean temperature of 
22°C ± 2°C, a mean relative humidity of 55% ± 10 and a defined 
day-and-night-rhythm of 12 hours light and 12 hours dark, and ate 
water freely. All animal procedures performed in this study were 
approved by the Animal Ethics Committee of Tianjin University of 
Traditional Chinese Medicine of China (No. TCM-LAEC2016016) 
and were in compliance with the Guide for the Care and Use of 
Laboratory Animals released by the US National Institutes of Health 
(NIH Publication No. 85-23, revised 1996).

2.2 | Materials

All reagents in the study are as follows: QiShenYiQi pill (Tasly 
Pharmaceutical Co., Ltd., Tianjin, China); 3-methyladenine (ApexBio, 
Houston, TX, USA); porcine cardiac myosin and complete freund's 
adjuvant (Sigma Aldrich, USA); haematoxylin and eosin staining 
kit, masson trichrome staining kit, RIPA lysate, phosphatase in-
hibitor and protease inhibitor (Leagene Biotechnology Co., Ltd., 
Beijing, China); BCA protein concentration test kit (Boster Biological 
Technology Co., Ltd., Wuhan, China); PI3K antibody, Akt antibody, 
mTOR antibody, LC3B antibody, Beclin-1 antibody, p62 antibody, 
HRP-conjugated Affinipure Goat Anti-Mouse IgG, HRP-conjugated 
Affinipure Goat Anti-Rabbit IgG and ECL chemiluminescence de-
tection kit (Proteintech Group, Inc, USA); p-PI3K antibody (Abcam, 

Cambridge, UK); p-akt antibody and p-mTOR antibody (Cell Signaling 
Technology, Inc, USA); RNA extraction kit (Takara Biomedical 
Technology Co., Ltd., Beijing, China); TransScript First-Strand cDNA 
Synthesis SuperMix (TransGen Biotech Co., Ltd., Beijing, China); 
PowerUp™ SYBR™ Green Master Mix (Thermo Fisher Scientific, Inc, 
USA).

2.3 | Establishment of a reparative myocardial 
fibrosis rat model

We used the injection of cardiac myosin to induce experimental au-
toimmune myocarditis and established the rat models of reparative 
myocardial fibrosis.22 Porcine cardiac myosin with a concentration 
of 6.4 mg/mL was mixed with an equal volume of Freund's com-
plete adjuvant to prepare a thick water-in-oil emulsion. Lewis rats 
were placed on an adaptive feeding routine for 3-5 days and then 
injected with the mixed emulsion subcutaneously on the lower ex-
tremity foot pads on day 0 and day 7. Later, 0.3 mL of emulsion, 
equivalent to 1 mg of porcine cardiac myosin, was injected into 
each of the rats.23 The control group was injected with a mixture 
of an equal volume of phosphate buffer and complete Freund's 
adjuvant.

2.4 | Animal grouping and administration

At 4 weeks after the initial injection of cardiac myosin, the rats 
were randomly divided into 5 groups: (1) model group (equal vol-
ume of distilled water by gavage, n = 8), (2) the 3-methyladenine 
group (15 mg/kg, intraperitoneal injection, n = 8), (3) QSYQ low-dose 
group (135 mg/kg by gavage, n = 8), (4) QSYQ medium-dose group 
(270 mg/kg by gavage, n = 8), (5) QSYQ high-dose group (540 mg/kg 
by gavage, n = 8), (6) the control group using normal rats (equivalent 
volume of distilled water by gavage, n = 8). 3-methyladenine (3-MA) 
is widely used as an autophagy inhibitor through inhibiting class III 
phosphoinositide 3-kinase (PI3K).24 QSYQ in combination with dis-
tilled water was administered as a solution through oral gavage, and 
then, doses were calculated according to the body surface area.25,26

2.5 | Assessment of cardiac structure and function 
via echocardiography

Echocardiography was performed 4 weeks later after drug interven-
tion. After intraperitoneal anaesthesia using 3% pentobarbital so-
dium (45 mg/kg), each rat was placed in a supine position on the 
operating table, and the skin in front of the chest was prepared, and 
then the coupling agent was applied on it. Vevo® 2100 ultra-high 
resolution small animal ultrasound imaging system (probe MS-250, 
frequency 21 MHz) was used to obtain a long-axis section image of 
parasternal left ventricle under a two-dimensional mode (B-Mode). 
The sampling line was placed at a position of the maximum diameter 
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of the left ventricle to display the M-type ultrasound image and 
measured using a long-axis measurement package (PLAX). Each 
index was measured for 3 cardiac cycles to calculate the mean value.

2.6 | Morphological observation of the heart

The body weight (BM) of rats was weighed again before sampling. 
After anaesthesia, blood was quickly taken from the femoral ar-
tery by centrifugation (1609.92 g, 10 minutes), serum collection 
and aliquot. Then, the chest was opened, the heart was taken out, 
and the blood was washed off with normal saline at 4°C. The filter 
paper was used for drying, and the heart morphology and surface 
lesions were observed. The tissues and great vessels around the 
heart were removed, and the heart mass (HM) was weighed to cal-
culate the heart mass index (HMI, HMI = HM/BM (mg/g)). Then, 
the left and right atria along with the free wall of right ventricle 
were removed, and the left ventricle and interventricular septum 
were preserved. The left ventricular mass (LVM) was weighed to 
calculate the left ventricular mass index (LVMI), LVMI = LWH/BM 
(mg/g) (Figure 1).

2.7 | Pathological staining to observe the cardiac 
tissue morphology

The myocardial tissues were fixed by 4% paraformaldehyde, and 
conventional ethanol was used for gradient dehydration, trans-
parency, paraffin embedding and continuous sections (5 μm 
thick). H and E staining and Masson staining were performed fol-
lowed by sealing with neutral gum, and the changes of myocardial 
histomorphology were observed under a light microscope. Then, 
five microscopic fields were selected randomly from each sec-
tion to calculate the inflammatory cell infiltration and the colla-
gen volume fraction (CVF, CVF = myocardial collagen fibre area/
total image area). According to HE staining, the histological grade 
of myocardial inflammation tissue was carried out27: Grade 1, 
scattered focal inflammatory lesions; Grade 2, multiple isolated 
inflammatory lesions; Grade 3, diffused inflammation invading 
the epicardium; Grade 4, diffused inflammation invading the epi-
cardium with focal transmural inflammation; Grade 5, diffused in-
flammation with necrosis.

2.8 | Observation of myocardial autophagosomes 
by transmission electron microscope

After fixation with 3% glutaraldehyde solution and 1% osmic acid, 
myocardial tissues smaller than 1 mm3 were dehydrated with gra-
dient ethanol and embedded with Epon812. Then, the semi-thin 
sections underwent aniline blue staining. After semi-thin sections 
positioning under the light microscope, ultra-thin sections were 
prepared by double staining with uranyl acetate and lead citrate. 
Then, the myocardial autophagosomes and its ultrastructure were 
observed under a transmission electron microscope.

2.9 | Real-time quantitative PCR detection of 
myocardial target gene expression

Total RNAs were extracted from the myocardial tissue samples with 
RNAiso Plus reagent, and the concentration of RNA was measured 
by an ultra-micro nucleic acid protein analyser. Then, it was reverse 
transcribed to cDNA, and the cDNA was used as a template to carry 
out the RT-qPCR reaction with SYBR Green under the following 
reaction conditions: pre-denaturation at 94℃ for 30 seconds; de-
naturation at 94℃ for 5 seconds, annealing, and extension at 60℃ 
for 30 seconds, for 40 cycles. Following the results of RT-qPCR de-
tection, the 2−ΔΔCt method was performed for relatively quantita-
tive data analysis. The primers were designed and synthesized by 
Shanghai Biotechnology Co., Ltd. The forward Beclin-1 primer was 
5′-TGTTTGGAGATGTTGGAGCA-3′, and the reverse Beclin-1 primer 
was 5′-ATGGAAGGTCGCATTGAAGA-3′. The forward LC3B primer 
was 5′-CGGAGCTTCGAACAAAGAGTG-3′, and the reverse LC3B 
primer was 5′-CTTGGTCTTGTCCAGGACGG-3′. The forward p62 
primer was 5′-GGAGACCCCAAATATGCCC-3′, and the reverse p62 
primer was 5′-CAGACACCCCACGACCACGAGAGGG-3′. The for-
ward GAPDH primer was 5′-AGATGGTGAAGGTCGGTGTG-3′, and 
the reverse GAPDH primer was 5′-CTGGAAGATGGTGATGGGTT-3′.

2.10 | Western blot detection of target protein 
expression in rat myocardium

The moderate myocardial tissue samples were added into the lysis 
liquid of protein and pulverized by the ultrasonic disrupter. After 

F I G U R E  1   The flow diagram of experiment
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F I G U R E  2   Effect of QiShenYiQi pill (QSYQ) on heart structure and function in rat. A, Echocardiography of rat heart. B, Left ventricular 
end diastolic diameter in rats. C, Left ventricular end systolic diameter in rats. D, Left ventricular ejection fraction in rats. E, Left ventricular 
fractional shortening in rats. F, Left ventricular End-diastolic posterior wall thickness in rats. G, Heart rate in rats. Groups: control (n = 8), 
model (n = 8), 3-MA (n = 8), QSYQ-L (n = 8), QSYQ-M (n = 8), QSYQ-H (n = 8). Data are expressed as mean ± SD. *P < 0.01, #P < 0.05
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Control Model 3-MA QSYQ-L QYSQ-M QSYQ-H

B C

E

D

F G

F I G U R E  3   Effect of QiShenYiQi 
pill (QSYQ) on the general shape of rat 
heart. A, General morphology of rat 
heart. B, Heart mass index of rats. C, Left 
ventricular mass index of rats. Groups: 
control (n = 8), model (n = 8), 3-MA 
(n = 8), QSYQ-L (n = 8), QSYQ-M (n = 8), 
QSYQ-H (n = 8). Data are expressed as 
mean ± SD. *P<0.01, #P < 0.05
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lysing for 30 minutes on ice and centrifuging at 4℃ and 9659.52 g 
for 10 minutes, the protein concentration was measured by the BCA 
method. The protein was separated using sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene fluoride (PVDF) membranes. The PVDF membrane 
was incubated for 2 hours in 5% skim milk powder. Primary anti-
bodies including p-PI3K antibody (dilution 1:1000), PI3K antibody 
(Dilution 1:1000), p-Akt (dilution 1:2000), Akt (dilution 1:500), p-
mTOR (dilution 1:1000), mTOR (dilution 1:2000), LC3B antibody (di-
lution 1:300), Beclin-1 antibody (diluted 1:1000), and p62 antibody 
(diluted 1:1000), β-actin antibody (dilution 1:5000) were added and 
incubated at 4°C overnight. Then, the membranes were incubated 
with the appropriate horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (dilution 1:5000) at room temperature for 2 hours. 
After the ECL luminescent reagent is coloured, the automatic gel 
imaging system was performed by exposure imaging. Image Lab 
software was used to detect the expression of protein bands, and 
the relative expression of the target protein was calculated using 
β-actin as the internal reference (relative expression of the target 
protein = grey value of the target protein/grey value of the internal 
reference β-actin).

2.11 | Statistical method

SPSS 11.5 statistical software was used for all statistical analyses 
and the data were expressed as mean ± standard deviation (x±s). 
Statistical analysis was performed using one-way ANOVA followed 
by the least significant difference (LSD) test for multiple compari-
sons. P < 0.05 was set as statistically significant.

3  | RESULTS

3.1 | Effect of QSYQ on the structure and function 
of rat heart

To investigate the cardiac function of rats with repaired myocardial 
fibrosis, we used a rat model of cardiac myosin injection to induce 
repaired myocardial fibrosis. The results showed that the heart 
rate (HR), left ventricular end-diastolic diameter (LVEDD) and left 
ventricular end-systolic diameter (LVESD) increased, and the left 
ventricular ejection fraction (LVEF) and left ventricular fractional 
shortening (LVFS) decreased significantly, suggesting that it caused 

F I G U R E  4   Effect of QiShenYiQi pill (QSYQ) on myocardial histology in rats. A, Representative photomicrograph of haematoxylin and 
eosin (H&E) staining of myocardium. B, Representative photomicrograph of mason trichrome staining of myocardium. C, The inflammation 
with a histological score for each group. D, The collagen volume fraction for each group. Data are expressed as mean ± SD. *P < 0.01, 
#P < 0.05
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rats severe cardiac dysfunction. 3-MA and QSYQ significantly in-
creased LVEF and LVFS, indicating that treatment with 3-MA and 
QSYQ can significantly improve the LV contractile function of re-
paired myocardial fibrosis. In addition, in rats treated with 3-MA 
and QSYQ, the increase in LVEDD and LVESD was significantly 
weakened compared to rats injected with myocardial myosin, indi-
cating that 3-MA and QSYQ significantly attenuated the repaired 
myocardial fibrosis LV remodelling, and QSYQ showed a dose-de-
pendent trend, and the effect of high-dose QSYQ was more signifi-
cant (Figure 2).

3.2 | Effect of QSYQ on the general shape of 
rat heart

Compared with the control group, an enlarged heart of white infil-
tration spots on the surface was observed in the model group. Both 
HMI and LVMI were significantly increased (P < 0.01). In contrast 
with the model group, the heart disease of rats in 3-methyladenine 
and QSYQ groups reduced, and both HMI and LVMI showed a de-
creasing trend (P < 0.01). The QSYQ high-dose group had a tendency 
to further reduce HMI and LVMI in rats (Figure 3).

F I G U R E  5   Effect of QiShenYiQi pill (QSYQ) on myocardial autophagy in rats. Transmission electron microscopy images of 
autophagosomes in myocardial. Arrows indicate autophagosomes

Control 3-MAModel QSYQ-L

QSYQ-M QSYQ-H

F I G U R E  6   Effect of QiShenYiQi Pill (QSYQ) on mRNA expression of Beclin-1, LC3B and p62 in rats. A, The Beclin-1 mRNA expression for 
each group. B, The LC3B mRNA expression for each group. C, The p62 mRNA expression for each group. Data are expressed as mean ± SD. 
*P < 0.01, #P < 0.05
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3.3 | Effect of QSYQ on myocardial histology in rats

The H and E staining revealed normal morphological structure with-
out inflammatory infiltration lesions of the myocardial tissue of the 
control group. Compared with the control group, the model group 
showed increased and infiltrated myocardial inflammatory cells 
with hypertrophy, accompanied by necrosis. The histological score 
of myocardial inflammation was significantly higher than that of 
the control group (P < 0.01), whereas the inflammatory cells of the 
3-methyladenine and QSYQ group were decreased, and the histo-
logical score of myocardial inflammation was lower than that of the 
model group (P < 0.01 or P < 0.05). QSYQ reduced the histological 
score of the myocardial inflammation dose-dependently. Thus, the 
QSYQ high-dose group further reduced myocardial inflammation 
histological score (P < 0.01 or P < 0.05), and the effect was better 
than the 3-methyladenine group (P < 0.01) (Figure 4).

The Masson staining revealed a small amount of blue-stained 
fibres in the myocardial tissue of the control group, without any 
changes to the myocardial interstitial fibrosis. Compared with the 
control group, a large number of blue-stained fibres and more colla-
gen deposition were observed in the myocardial tissue and myocar-
dial interstitial with the disordered arrangement in the model group, 
respectively. The myocardial collagen volume fraction was also 
found to be significantly higher than the control group (P < 0.01). 
Compared with the model group, the degree of myocardial fibrosis 
and myocardial collagen volume fraction in the 3-methyladenine 
group and the QSYQ group were reduced than the model group 
(P < 0.01). The effect of the QSYQ group on reducing the myocar-
dial collagen volume fraction was dose-dependent since the QSYQ 
high-dose group further decreased the myocardial collagen volume 
fraction (P < 0.01 or P < 0.05) and exhibited better effect than the 
3-methyladenine group (P < 0.05) (Figure 4).

3.4 | Effect of QSYQ on myocardial autophagy 
in rats

In the control group, the myocardial fibres were arranged neatly and 
tightly with clear stripes. The number of mitochondria was rich with 
clear cristae and a small number of scattered autophagosomes were 
also observed. In the model group, rats showed a disordered ar-
rangement of the myocardial fibres and poor clarity stripes. Several 
mitochondria were swollen with blurred cristae, while some of the 
mitochondria were similar to the vacuole. The number of autophago-
somes was found to be increased. The arrangement of the myocar-
dium in the 3-methyladenine group and the QSYQ group was slightly 
disordered and loose. Some mitochondria were swollen, while some 
were vacuole-like, and the number of autophagosomes was reduced 
(Figure 5).

3.5 | Effect of QSYQ on Beclin-1, LC3B and p62 
mRNA expression in rat myocardium

Compared with the control group, the expression of Beclin-1 
and LC3B mRNA in the myocardium of the model group in-
creased (P < 0.01), while the expression of p62 mRNA decreased 
(P < 0.05). Compared with the model group, the expression of 
Beclin-1 and LC3B mRNA in the 3-methyladenine group and the 
QSYQ group decreased (P < 0.01 or P < 0.05), while the expres-
sion of p62 mRNA increased (P < 0.01). This result suggested 
that 3-methyladenine and QSYQ decreased the expression of 
autophagy-related genes in rats, by inhibiting the myocardial 
excessive autophagy. The effect of QSYQ was dose-dependent 
as the inhibitory effect of high-dose QSYQ was more significant 
(P < 0.01) (Figure 6).

F I G U R E  7   Effect of QiShenYiQi Pill 
(QSYQ) on the protein expression of 
Beclin-1, LC3-II, LC3-I and p62 in rats. A, 
Beclin-1, LC3-II, LC3-I and p62 expression 
in the myocardium of rats in each group 
was detected by Western blot. B, The 
relative protein level of Bcelin-1 in the 
myocardium. C, The relative protein 
level of LC3-II/LC3-I in the myocardium. 
D, The relative protein level of p62 in 
the myocardium. Data are expressed as 
mean ± SD. *P < 0.01, #P < 0.05
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3.6 | Effect of QSYQ on the expression of 
myocardial autophagy-related proteins in rats

Compared with the control group, the expression of Beclin-1 and 
LC3-II/LC3-I in the model group was up-regulated (P < 0.01), while the 
expression of p62 was down-regulated (P < 0.01). This indicated that 
excessive autophagy occurred in the myocardium of the model group. 
Compared with the model group, the expression of Beclin-1 and LC3-II/
LC3-I was down-regulated in the 3-methyladenine group and the QSYQ 
group (P < 0.01 or P < 0.05) but p62 exhibited up-regulated expressions 
(P < 0.01). The results suggested that 3-methyladenine and QSYQ in-
hibited excessive autophagy in rat myocardium and the effect of QSYQ 
high-dose group on autophagy was more significant (Figure 7).

3.7 | Effect of QSYQ on PI3K/Akt-mTOR pathway in 
rat myocardium

Compared with the control group, the myocardial Akt protein, p-PI3K/
PI3K, p-Akt/Akt and p-mTOR/mTOR in the model group decreased 
(P < 0.01). Additionally, the differences in myocardial PI3K protein, 
mTOR protein, p-PI3K/PI3K, p-Akt/Akt and p-mTOR/mTOR in the 
3-methyladenine group were not statistically significant (P > 0.05) 
compared to the model group, but Akt protein expression was sig-
nificantly up-regulated (P < 0.01). The myocardial PI3K protein, Akt 
protein, mTOR protein, p-PI3K/PI3K, p-Akt/Akt and p-mTOR/mTOR 
increased (P < 0.01 or P < 0.05) in QSYQ group in a dose-dependent 
manner. This result indicated that QSYQ effectively inhibited the 

F I G U R E  8   Effect of QiShenYiQi Pill (QSYQ) on the main molecules of PI3K / Akt-mTOR pathway. A, The protein in the myocardium of 
rats in each group was detected by Western blot. B, The relative protein level of PI3K in the myocardium. C, The relative protein level of 
p-PI3K/PI3K in the myocardium. D, The relative protein level of AKT in the myocardium. E, The relative protein level of p-AKT/AKT in the 
myocardium. F, The relative protein level of mTOR in the myocardium. G, The relative protein level of pmTOR/ mTOR in the myocardium. 
Data are expressed as mean ± SD. *P<0.01, #P<0.05.
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excessive autophagy in rat myocardium by regulating the expression 
of PI3K/AKT-mTOR pathway-related proteins (Figure 8).

4  | DISCUSSION

Myocardial fibrosis is mainly characterized by abnormal deposition of 
extracellular matrix and rigidity of myocardial movement, leading to 
changes in myocardial structure and cardiac systolic dysfunction.28,29 
Reactive myocardial fibrosis was triggered by pressure loaded, and 
ischaemia or metabolic injury could expand and thicken the myocar-
dial muscle bundles and its surrounding thin fibre tissues. In contrast, 
the reparative myocardial fibrosis triggered by necrosis of myocar-
dial cells could develop scars by replacing small lesions of myocardial 
cell necrosis.30 Research fonts have shown that myocardial fibrosis 
is a potential risk factor for myocarditis and dilated cardiomyopa-
thy resulting in heart failure.31,32 Therefore, the effective control of 
myocardial fibrosis may provide an insight into the prevention and 
treatment of cardiovascular diseases such as myocarditis, dilated car-
diomyopathy and heart failure. In the current study, the administra-
tion of QSYQ reduced HMI, LVMI, LVEDD, and LVESD and enhanced 
LVEF and LVFS. Moreover, the myocardial inflammation histological 
score and myocardial collagen volume fraction were also declined. 
This phenomenon may attribute to the fact that QSYQ exhibits an 
effect on reparative myocardial fibrosis in a dose-dependent man-
ner. It should be noted that the effect of QSYQ high-dose group on 
reparative myocardial fibrosis was more significant.

The occurrence of myocardial fibrosis includes inflammation, 
mitochondrial damage, apoptosis, fibroblast proliferation and my-
ofibroblast phenotype conversion, but the underlying mechanisms 
are still uncovered.33 Autophagy is closely related to myocardial fi-
brosis, the excessive activation of autophagy may induce myocardial 
collagen deposition and fibrosis and exacerbate cardiac dysfunction 
such as decreased heart function and heart failure.33-35 Autophagy 
is a highly catabolic process of the degradation or recycling of dam-
aged or unnecessary proteins and organelles mediated by lyso-
somes, which is essential to maintain cellular stability.35 Inhibiting 
myocardial excessive autophagy can restrain the phenotype con-
version of fibroblasts into myofibroblasts and improve myocardial 
fibrosis.36 Autophagy is best detected by the electron microscopy 
and is characterized by a double-layer or single-layer membrane 
in myocardial cells.37 Beclin-1, LC3B and p62, the most commonly 
used autophagy-related markers are the three most important pro-
teins involved in the process of autophagy.38 Among them, Beclin-1 
is the initiation factor in the process of autophagy and the expres-
sion level of Beclin-1 is closely related to autophagy activity.39 LC3B 
has two subtypes, including LC3-I and LC3-II. The conversion of 
LC3-I into LC3-II is a key procedure in the formation of autophago-
somes. P62 has been considered as one of the selective substrates 
of LC3B. When the autophagy programme starts, p62 first binds to 
the ubiquitous protein, then forms a complex with LC3-II and finally 
degrades through autophagolysosome.40 In this study, the myocar-
dium in QSYQ group was slightly disordered and loosen compared 

with the model group and a few mitochondria were swollen with 
some visible vacuoles. The number of autophagosomes was also ob-
served to be reduced. The expression of Beclin-1 and LC3-II/LC3-I 
was down-regulated, while the expression of p62 was up-regulated. 
This indicated that QSYQ could inhibit excessive autophagy in rat 
myocardium in a dose-dependent manner.

The PI3K/Akt-mTOR pathway is the most critical upstream 
signalling pathway associated with the regulation of autophagy.41 
In this pathway, when the cells are stimulated by the surrounding 
environment, the activated PI3K-I activates Akt with the help of 
phosphatidylinositol lipid-dependent protein kinase and inhibits 
the TSC1/2 complex to activate mTOR and inhibit autophagy.42,43 
The PI3K/Akt-mTOR pathway is associated with the occurrence of 
myocardial fibrosis and has a regulatory effect on the proliferation 
and migration of cardiac fibroblasts.44 Accumulating evidence has 
demonstrated that blocking autophagy could enhance the TGF-β1 
induced myocardial fibrosis.45 It has been also documented that the 
activation of the PI3K/Akt-mTOR pathway could inhibit myocardial 
fibrosis, hypertrophic or dilated cardiomyopathy by blocking myo-
cardial fibrosis and then improving diastolic function.46 Besides, in 
the myocardial ischaemia/reperfusion (I/R) model, basic fibroblast 
growth factor could inhibit myocardial excessive autophagy by ac-
tivating the PI3K/Akt-mTOR pathway thereby improving the cardiac 
function.47 In this study, it was found that QSYQ could increase the 
ratios of p-PI3K/PI3K, p-Akt/Akt and p-mTOR/mTOR in rat myocar-
dium in a dose-dependent manner, suggesting that QSYQ can effec-
tively inhibit excessive autophagy in rat myocardium by regulating 
the expression of PI3K/Akt-mTOR pathway-related proteins.

5  | CONCLUSION

In summary, the QSYQ compound could inhibit excessive myocar-
dial autophagy by regulating the PI3K/Akt-mTOR pathway to exert 
an effect on reparative myocardial fibrosis and can be a potential 
therapeutic approach to treat the cardiovascular diseases such as 
myocarditis and dilated cardiomyopathy.
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